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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to biosensors s 
which can quantitatively determine a specific component 
in various sample solutions from the living body in a rapid 
and easy way with high accuracy and a process for prep- 
aration thereof. 

10 

BACKGROUND OF THE INVENTION 

[0002] In recent years, various biosensors utilizing a 
specific catalytic action possessed by enzyme have been 
developed and in particular, it has been attempted to ap- is 
ply biosensors to the clinical field. In the present days 
when inspection items and sample numbers are increas- 
ing, biosensors which can provide rapid assay with good 
accuracy have been desired. 

[0003] Taking a glucose sensor as an example, dia- 20 
betes has markedly increased nowadays and for meas- 
urement and control of blood sugar level in blood, it takes 
a very long time, since blood is centrifuged and plasma 
is provided for the measurement as is conventionally 
done. Thus, a sensor which can make measurement with 25 
whole blood is required. As a handy type, there is a stick- 
like support having provided thereon a carrier containing 
an enzyme capable of reacting only with glucose and a 
dye which causes a change upon enzyme reaction or by 
theproductoftheenzymereaction, like a test sheet used 30 
for inspection of urine. The stick takes the system that 
blood is dropped onto the carrier and after a definite pe- 
riod of time, a change of the dye is visually or optically 
determined. However, interference is serious because 
of colored matters in blood, resulting in poor accuracy. 35 
[0004] Now, a multilayer type analysis carrier as shown 
in Fig. 1 is proposed (Japanese Utility Model Application 
Laid-Open No. 54-1 78495). The carrier has the construc- 
tion comprising a transparent support51 having provided 
thereon, in order, a reagent layer 52, a spreading layer *o 
53, a waterproofing layer 54 and a filtering layer 55. The 
measurement takes the following system: when a blood 
sample is dropped from the upside, solid components in 
blood such as red blood cells, platelets, etc. are removed 
by the filtering layer 55, the blood uniformly permeates *5 
into the spreading layer 53 through a hole 56 in the wa- 
terproofing layer 54 and a reaction proceeds in the rea- 
gent layer 52. After completion of the reaction, a light is 
irradiated from the arrow direction through the transpar- 
ent support 51 , whereby a substrate concentration is de- so 
termined by colorimetry . The system takes a complicated 
construction as compared to the conventional handy 
stick-like carrier but its accuracy has improved because 
blood cells are removed, etc. However, it takes a long 
time for the permeation of blood and the reaction so that 55 
the waterproofing layer 54 that prevents drying of the 
sample is required. In addition, incubation at a high tem- 
perature is required for accelerating the reaction. Thus, 
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the system involves problems that apparatuses and car- 
riers become complicated. 

[0005] On the other hand, as the system for quantita- 
tive assay of a specific component in a sample such as 
blood, etc. from the living body with high accuracy without 
performing operations such as dilution, agitation, etc. of 
the sample solution, a biosensor as shown in Fig. 2 has 
been proposed (for example, Japanese Patent Applica- 
tion Laid-Open No. 59-1 66852). The biosensor compris- 
es an insulating base plate 63 having embedded therein 
an electrode for measurement 64 and a counter electrode 
65 made of platinum, etc., having leads 61 and 62, re- 
spectively, and the exposed areas of these electrodes 
are covered with a porous material 66 having carried ther- 
eon an oxidoreductase and an electron acceptor. When 
a sample solution is dropped onto the porous material, 
the oxidoreductase and the electron acceptor are dis- 
solved in the sample solution, whereby an enzyme reac- 
tion proceeds with a substrate in the sample solution and 
the electron acceptor is reduced. After completion of the 
reaction, the reduced electron receptor is electrochemi- 
cally oxidized and a substrate concentration in the sam- 
ple is determined from a current level for the oxidation 
obtained in this case. In such a construction, however, 
the electrodes require operations such as washing, etc., 
while the porous material can be exchanged for every 
assay thereby to readily provide for measurement. On 
the other hand, if it is possible to dispose the apparatus 
including the electrode system for every measurement, 
operations for the measurement become extremely sim- 
ple but from aspects of electrode materials such as plat- 
inum, etc., construction and the like, the apparatus is very 
expensive unavoidably. For the construction of platinum 
electrodes, the sputtering method orthe deposition meth- 
od can also be used but production costs increase. 
[0006] As a disposal system including the electrode 
system, a biosensor described in Japanese Patent Ap- 
plication Laid-Open No. 61-294351 has been proposed. 
As shown in Fig. 3, in this biosensor, the electrode sys- 
tems 72 (72'). 73 (73') and 74 (74') composed of carbon, 
etc. are formed on an insulating base plate 71 by means 
of screen printing, etc.; after providing an insulating layer 
75 thereon, the electrode systems are covered with a 
porous material 77 having carried thereon an oxidore- 
ductase and an electron acceptor and the whole is inte- 
grated with a holding frame 76 and a cover 78. When a 
sample solution is dropped onto the porous material, the 
oxidoreductase and the electron acceptor are dissolved 
in the sample solution, whereby an enzyme reaction pro- 
ceeds with a substrate in the sample solution and the 
electron acceptor is reduced. After completion of the re- 
action, the reduced electron acceptor is electrochemical- 
ly oxidized and a substrate concentration in the sample 
is determined from a current level for the oxidation ob- 
tained in this case. 

[0007] In the foregoing conventional construction, the 
base surface including the electrode system is not always 
uniformly wetted so that air bubbles remain between the 
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porous material and the base plate, whereby a response 
current is affected or its reaction rate is reduced in some 
occasion. Furtherwhen an ambient humidity is low, mois- 
ture in a sample solution evaporates off during measure- 
ment so that a change in response is observed. Further- 
more, when a substance that is readily adsorbed to elec- 
trodes or a substance such as ascorbic acid or the like 
that is easily oxidized is present in a sample solution, 
response of the sensor is affected by such a substance. 
[0008] Therefore, as sensors for measuring a specific 
component in a vital sample solution such as blood or 
the like in a simple and rapid way with high accuracy, 
sensors which can provide measurement data merely by 
adding a trace amount of sample solution thereto without 
diluting or quantitatively determining the sample solution 
previously are desired. Furthermore, disposable type 
sensors which are free of operations such as washing, 
wiping, etc. are desired. 

[0009] Finally it is noted that, besides the above plate 
like devices, EP-A-0 267 724 discloses test devices for 
carrying out micro-chemical tests, wherein a chemically 
or electrochemically active material is coated onto an in- 
ner surface of a container. 

[001 0] EP-A-0 1 70 375 discloses a biosensor for de- 
termining the concentration of an analyte in a sample 
solution, the biosensor comprising a base plate of an 
insulating material comprising an electrode system 
formed on the base plate and covered by a reaction layer 
formed thereon, the electrode system and the reaction 
layer having formed thereon a space being defined by a 
spacer and a cover, the space being provided with an 
introduction port for introducing the sample solution into 
the space by capillary phenomenon and a discharge port 
for discharging the gas in the space by inflow of the sam- 
ple solution, the electrode system being equipped with 
an electrode for measurement and a counter electrode, 
at least an enzyme being carried on said reaction layer, 
a change in concentration of the analyte in the reaction 
between the enzyme and the sample solution being de- 
tected with the electrode system to determine the analyte 
concentration in the sample solution. 

DISCLOSURE OF THE INVENTION 

[0011] The biosensor of the invention is defined in 
claim 1. The process for preparing a biosensor is de- 
scribed in claim 11. Preferred embodiments are de- 
scribed in the dependent claims. 
[001 2] The biosensor of the present invention compris- 
es an insulating base plate having provided thereon the 
electrode system comprised of at least an electrode for 
measurement and a counter electrode and on the elec- 
trode system a reaction layer comprising an enzyme lay- 
er and an electron acceptor layer. Further by integrating 
this assembly with acover, aspace includingthe reaction 
layer is formed which is provided with an introducing port 
for introducing a sample solution into the space and a 
discharge port for discharging a gas in thespace by inflow 



of the sample solution. A change of a substance in con- 
centration caused by the reaction between the enzyme 
and the sample solution is detected by the electrode sys- 
tem thereby to determine a substrate concentration in 

5 the sample solution. 

[001 3] Furthermore, the electrode system may also be 
comprised of a plural set of electrode systems and reac- 
tion layers corresponding to the plural set of electrode 
systems are provided, whereby the independent sensor 

10 systems can be constructed. By doing so, two or more 
substrate concentrations can be concurrently deter- 
mined. Furthermore, two pairs of electrode systems may 
also be used, wherein one electrode system is used for 
measurement and another electrode system is used for 

is blank. By determining a difference in response between 
the electrode systems, interference by ascorbic acid, etc. 
can be eliminated. 

[001 4] Further by integrating the base plate, the elec- 
trode system and the reaction layer with the cover, a 

20 space is formed and the surface of members constructing 
the space is rendered hydrophilic, whereby a definite 
quantity of sample solution can be readily introduced into 
the space described above through a simple operation 
merely by bringing a trace amount of sample solution into 

25 contact with the introducing port of the sensor. 

[0015] The introduced sample solution dissolves the 
electron acceptor, enzyme and hydrophilic high molec- 
ular substance in the reaction layer, where an enzyme 
reaction proceeds white converting the sample solution 

30 into a viscous liquid. By the enzyme reaction, a reduced 
electron acceptor is produced in response to the sub- 
strate concentration in the sample solution. Then, the 
reduced electron acceptor is electrochemically oxidized 
on the electrode for measurement to determine the sub- 

35 strate concentration from a current level for the oxidation. 
[001 6] In the biosensor of the present invention, a hy- 
drophilic high molecular substance is used so that influ- 
ence of solid components such as red blood cells and 
the like in a blood sample on the electrodes can be pre- 

io vented and at the same time, by providing the space, 
fluidization of the sample solution on the electrodes can 
be effectively prevented. Thus, an influence by vibration 
during measurement can be prevented. 
[0017] On the other hand, the reaction layer in the bi- 

45 osensor of the present invention is comprised of an en- 
zyme layer and an electron acceptor layer provided ther- 
eon. Further by providing a hydrophilic high molecular 
substance layer between these layers, the enzyme and 
the electron acceptor are separated from each other to 

so provide a biosensor having excellent preservation prop- 
erty. 

[0018] According to the present invention, a disposa- 
ble biosensor including the electrode system can be con- 
structed so that a substrate concentration in the sample, 
55 for example, a glucose concentration in blood can be 
determined rapidly in a simple operation with high accu- 
racy, merely by adding an extremely trace amount of 
sample solution, without diluting or quantitatively deter- 



3 



5 



EP 0 359 831 B2 



mining the sample solution in advance. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

Fig. 1 is an illustrative drawing showing an example 
of conventional glucose sensors. Figs. 2 and 3 illus- 
tratively show glucose sensors using conventional 
enzyme electrodes. Fig. 4 shows a perspective view 
of a disassembled biosensor which is one embodi- 
ment of the present invention. Fig. 5 shows an ex- 
ternal view of the biosensor. Fig. 6 illustratively 
shows a 

cross-sectional view of the biosensor. Fig. 7 shows a 
response characteristic of the biosensor. Fig. 8 shows a 
perspective view of a disassembled biosensor which is 
another embodiment of the present invention. Fig. 9 
shows an external view of the biosensor. Figs. 10, 12 
and 1 3 show perspective views of disassembled biosen- 
sors which are other embodiments of the present inven- 
tion. Fig. 1 1 shows a external view of a biosensor which 
is another embodiment of the invention. Fig. 1 4 shows a 
relationship between ascorbic acid concentration and re- 
sponse characteristic. Fig. 15 shows a relationship be- 
tween the particle diameter of potassium ferricyanide and 
the time when the reaction is completed. 

BEST MODES FOR PRACTICING THE INVENTION 

Example 1 (not according to the invention) 

[0020] In the following explanatory drawings in the ex- 
amples, the same numbering is used for common ele- 
ments and their explanation is in part omitted. 
[0021 ] As one embodiment of the biosensor, a glucose 
sensor is explained. Fig. 4 shows a perspective view of 
a disassembled glucose sensor prepared as one embod- 
iment of the biosensor in accordance with the present 
in vention. Fig. 5 shows an external view of the biosensor. 
Fig. 6 illustratively shows a cross-sectional view of the 
biosensor obtained when the biosensor shown in Fig. 5 
is cut at the center in the length direction. In Fig. 4, a 
reaction layer 14 shown in Fig. 6 is not shown. 
[0022] Hereafter a process for preparing the sensor is 
described. Silver paste is printed on an insulating base 
plate 1 composed of polyethylene terephthalate by 
means of screen printing to form leads 2, 3 (3'). Next, 
conductive carbon paste containing a resin binder is 
printed thereon. By drying with heating, the electrode sys- 
tem comprised of an electrode for measurement 4 and 
a counter electrode 5 (5') is formed. Furthermore, insu- 
lating paste is printed so as to partly cover the electrode 
system to make the exposed area of the electrodes def- 
inite and cover unnecessary part of the leads. By a heat 
treatment, an insulating layer 6 is formed. 
[0023] Next, the exposed area of the electrode system 



4, 5 (5') is polished and then heat-treated at 1 00°C for 4 
hours in the air. After the electrode portion is thus con- 
structed, 0.5% aqueous solution of carboxymethyl cellu- 
lose (hereafter simply referred to as CMC) as the hy- 
5 drophilic high molecular substance is spread onto the 
electrodes and dried to form a CMC layer. A solution of 
glucose oxidase (GOD) as the enzyme in phosphate buff- 
er solution is spread thereon and dried to form a reaction 
layer 1 4 comprised of CMC-GOD layer. In this case, CMC 

10 and GOD form a thin layer having a thickness of several 
microns in a partly mixed state. 
[0024] Next, three members of this base plate 1 , a 
spacer 7 comprised of a resin plate and a cover 9 are 
adhered to each other in such a positional relationship 

15 between the respective members shown by broken lines 
as shown in Fig. 4 to integrate the sensor as shown in 
the external view in Fig. 5. Herein, the spacer has a thick- 
ness of approximately 300 p,m and takes a shape that 
the central part is cut off into a U-(letter) shape having a 

20 width of 2 (mm) and a length of 7 mm. The end of the cut 
portion becomes an introducing port 1 0 of a sample so- 
lution and the central part forms a space 8 when integrat- 
ed. Furthermore, the cover 9 possesses a hole having a 
diameter of 2 (mm) and forms a discharge port 1 1 when 

25 integrated. 

[0025] When the introducing port at the tip of the glu- 
cose sensor constructed as described above is brought 
into contact with a glucose standard solution (200 mg/ 
d€) which is a sample solution, the sample solution is 

30 introduced into the inside through the introducing port 
1 0. In this case, the air in the space 8 is rapidly discharged 
through the discharge port 1 1 and at the same time, the 
space is filled up with the sample solution up to near the 
discharge port. As such, the sample solution rapidly 

35 spreads onto the electrode surface to fill up the space so 
that any remaining air bubbles are not noted. 
[0026] This is believed to be because the sample so- 
lution would flow into one direction by providing the in- 
troducing port and the discharge port and due to the hy- 

io drophilic high molecular substance layer previously 
formed on the electrodes, wetting on the electrode sur- 
face would be improved so that the gas is smoothly ex- 
changed with the liquid. 

[0027] Further by previously treating the surfaces of 
15 the members constructing the space such as the cover, 
spacer, etc., with a surface active agent to render them 
hydrophilic, the sample solution can be introduced more 
smoothly. 

[0028] On the other hand, the added sample solution 
50 dissolves CMC therein to render the liquid viscous. Glu- 
cose in the sample solution reacts with the enzyme by 
the action of glucose oxidase carried on the electrodes 
to produce hydrogen peroxide. Therefore, by applying a 
voltage of 1 V between the electrodes one minute after 
55 introduction of the sample solution, the electrode for 
measurement is polarized into the anode direction. By 
applying a voltage to the anode direction described 
above, an oxidizing current for the produced hydrogen 
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peroxide is obtained. This current level corresponds to 
the concentration of glucose which is a substrate. 
[0029] As an example of the response characteristic 
of the sensor constructed as described above, the rela- 
tionship between a current level 5 seconds after applica- 
tion of voltage and a glucose concentration is shown in 
Fig. 7, A, indicating that a good response characteristic 
was obtained. 

[0030] Further with respect to 30 glucose sensors hav- 
ing the same specification as described above, the same 
sample solution was tested with the sensors. A coefficient 
of variation was as good as about 5%. 
[0031 ] Furthermore, influence by evaporation was ex- 
amined under humidity conditions of 30% and 80%, using 
1 0 sensors each, and compared with the glucose sensor 
shown in Fig. 3 which was prepared in a conventional 
construction by way of trial. Although, in the glucose sen- 
sors according to the example, the influence was negli- 
gible even after allowing to stand for 5 minutes, in the 
sensors having a conventional construction, the influ- 
ence was higher by about 3% under the lower humidity 
condition 2 minutes after. 

[0032] As described above, the glucose sensor ac- 
cording to the example having the construction described 
above can rapidly absorb a trace amount of the sample 
solution into the reaction layer zone and can determine 
a glucose concentration in a simple and rapid way with 
high accuracy, without being affected by ambient humid- 
ity, etc. 

Example 2 

[0033] The procedure was quite the same as in Exam- 
ple 1 until the CMC-GOD layer was formed. Thereafter, 
a reaction layer composed of a CMC-GOD-electron ac- 
ceptor layer was further formed thereon by the following 
method. 

[0034] Surface active agent, lecithin (phosphatidyl 
choline), was dissolved in toluene to prepare 1 wt% so- 
lution and microcrystals (a mean particle diameter of less 
than 10 fj.m) of potassium ferricyanide as an electron 
acceptor was dispersed in the solution. Then toluene was 
evaporated off to form the reaction layer composed of 
CMC-GOD-electron acceptor layer on the electrode sys- 
tem followed by integrating with a spacer and a cover as 
in Example 1 . Thus, a glucose sensor having the con- 
struction shown in Fig. 5 was obtained. 
[0035] Next, a glucose standard solution was intro- 
duced through the tip portion of the sensor as described 
above. By applying a voltage of 600 mV between the 
electrodes about one minute after, potassium ferrocya- 
nide produced by the enzyme reaction was oxidized on 
the electrode for measurement A current level in this case 
was measured 5 seconds after application of the voltage. 
As the result, an extremely good linear relationship was 
obtained between the glucose concentration and the re- 
sponse current level, as shown in Fig. 7, B. Further using 
30 sensors, a variation coefficient was examined. The 



variation coefficient was 2.6% with respect to the glucose 
standard solution and 3% with respect to the whole blood 
sample, which were extremely good. Further with respect 
to influence of evaporation, a test was carried out in a 
5 manner similar to Example 1 and similar effects were 
obtained, as described above. 
[0036] In the above example, when the concentration 
of lecithin was greater than 0.01 wt%, potassium ferricy- 
anide was efficiently dispersed in toluene so that drop- 

io ping became easy to form a thin potassium ferricyanide- 
lecithin layer. Where no lecithin is present, defects that 
the potassium ferricyanide layer was non-uniformly 
formed or the base plate was peeled off when bent were 
noted. However, by incorporating lecithin, the potassium 

is ferricyanide layer which was uniform and peeled off only 
with difficulty could readily be formed. As the concentra- 
tion of lecithin increased, the potassium ferricyanide layer 
was peeled off more difficultly but a dissolution rate of 
potassium ferricyanide also decreased. Therefore, a suit- 

20 able concentration is believed to be 0.01 to 3 wt%. Pol- 
yethylene glycol alkyl phenyl ether (trademaric Triton X) 
was used instead of lecithin. In order to disperse fine 
particles of potassium ferricyanide in toluene, more than 
0.1% was necessary but a good potassium ferricyanide 

25 layer could be formed as in the case of using lecithin. As 
the surf ace active agent, there are oleic acid, polyoxyeth- 
ylene glycerine fatty acid ester, cyclodextrin, etc., in ad- 
dition to the example described above. Surface active 
agents are not particularly limited so long as they can 

30 disperse the electron acceptor in an organic solvent and 
do not affect the enzyme activity. As the organic solvent 
for mixing the electron acceptor therewith, solvents such 
as toluene, petroleum ether, etc. may be used as long 
as they have a minimized influence on GOD activity and 

35 the printed electrodes. 

[0037] With respect to the particle diameter of micro- 
crystalline potassium ferricyanide used above, commer- 
cially available crystals of potassium ferricyanide were 
ground into powders and crystals of a definite particle 

io diameter were collected by sieving to form a potassium 
ferricyanide layer. With respect to the same glucose sen- 
sors as described above prepared from crystals of vari- 
ous particle diameters, their responses were compared 
with each other. Fig. 15 shows a mesh size of sieve on 

15 the abscissa and on the ordinate, a time for completing 
the reaction to 400 mg/d£ of glucose. Numerals with pa- 
rentheses indicate a size (fj,m) of the mesh hole. As 
shown in Fig. 15, crystals having a smaller particle size 
were dissolved more quickly and the time required for 

50 completing the reaction was shorter. In the sensor pre- 
pared with potassium ferricyanide (particle size of 100 
]t.m or less) passed through 1 45 mesh (Japanese Indus- 
trial Standard), the reaction was completed within 2 min- 
utes. In addition, when the potassium ferricyanide layer 

55 was prepared, crystals having a smaller particle diameter 
could form a uniform layer and provided less unevenness 
in response. Microcrystals of potassium ferricyanide 
could be formed by grinding into powders but recrystal- 
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lization of an aqueous potassium ferricyanide solution 
from ethanol could easily prepare crystals having a par- 
ticle diameter of not greater than 10 n.m. When the po- 
tassium ferricyanide layer was formed from such crystals, 
the layer became dense and the time for completing the 
reaction could be shortened. 

[0038] When potassium ferricyanide finely divided into 
a particle diameter of less than 1 00 n.m was mixed with 
toluene and the mixture was dropped, toluene was rap- 
idly evaporated and the potassium ferricyanide layer 
could be formed in a microcrystalline state so that a dis- 
solution rate was rapid and rapid measurement was at- 
tained. Further by using the organic solvent, the potas- 
sium ferricyanide layer could be formed separately on 
the CMC-GOD layer, whereby preservation property 
could be improved. 

[0039] In providing the introducing port and the dis- 
charge port in the example described above, in addition 
to the arrangement shown in Figs. 4 through 6, holes 
may be provided in the cover 9 and the base plate 1 , 
respectively, and used as the introducing port 1 0 and the 
discharge port 1 1 as shown in the perspective view of 
the disassembled sensor in Fig. 8 and in the external 
view in Fig. 9. 

[0040] Furthermore, as shown in the perspective view 
of the disassembled sensor in Fig. 10, the spacer may 
be divided into two parts of 7 and 7' and the parts may 
be used as the space 8, and the introducing port 10 and 
the discharge port 1 1 . 

[0041 ] Furthermore, the shape of the tip portion of the 
biosensor having the structure shown in Fig. 5 was round- 
ed as shown in the external view shown in Fig. 1 1 . By 
doing so, a portion brought into contact with a sample 
solution was limited almost to the introducing port 10 
when thesample solution was introduced. Thus, the sam- 
ple solution did not go around the periphery of the intro- 
ducing port but could be smoothly introduced even in a 
small quantity. 

Example 3 

[0042] The electrode portion shown in Fig. 1 2 was con- 
structed in a manner similar to Example 1 . That is, silver 
leads 3, 21, 22 and 23, counter electrode 5, and corre- 
sponding thereto, three electrodes for measurement 41 , 
42 and 43 were formed on a base plate to construct three 
pairs of electrode systems possessing the counter elec- 
trode in common. Next, a reaction layer composed of 
CMC-GOD-electron acceptor layer was formed around 
each of the electrodes for measurement in a manner sim- 
ilar to Example 2. 

[0043] Then, a spacer and a cover were adhered to 
integrate them as in Example 1 . Herein, the spacer is 
partly cut off into a "comb-like" shape and the cut portion 
forms a space 8. The space is divided into the respective 
electrode systems but is continuous as a whole to form 
a common space. Furthermore, the end becomes the 
introducing port 10. 



[0044] In response to the space dividedly constructed 
on these respective electrode systems, three holes are 
formed in the cover 9 to provide discharge ports 11,12 
and 1 3. When the introducing port 1 0 is brought into con- 

s tact with a sample solution, the sample solution is rapidly 
introduced into the space, while discharging the air in the 
space through the three discharge ports. 
[0045] A response to the glucose standard solution 
was measured with respect to the three electrode sys- 

io terns in a manner similar to Example 2 and its mean value 
was determined to make it a response level for one sen- 
sor. The test was performed with 30 glucose sensors 
having the same specification. The variation coefficient 
was as good as 2%. 

15 [0046] In the disposable type sensor, it is important for 
improved reliability to minimize factors for error including 
a difference in electrode area of each sensor. The differ- 
ence between the sensors forms a cause for causing a 
difference in error of measurement data on the same 

20 sample solution. However, as described above, meas- 
urement with higher accuracy can be rapidly achieved 
by providing a plurality of electrode systems for the same 
sensor and obtaining a mean value of the response lev- 
els. 

25 [0047] Fig. 12 shows the embodiment having 3 pairs 
of electrodes butthe present invention is not limited there- 
to and can further provide a large number of electrode 
systems. Furthermore, the shape of the space is not lim- 
ited to those shown in the figures, likewise the shape or 

30 arrangement of the electrode systems. 

Example 4 

[0048] Fig. 13 shows a variation of the construction 

35 having a plurality of the electrode systems. In a manner 
similar to Example 1 already described, silver leads 21 , 
22 and 3 and two pairs of the electrode systems com- 
prised of electrodes for measurement 41 and 42 corre- 
sponding thereto and a counter electrode 5 in common 

io were constructed on the base plate. Next, as in Example 
2, after a reaction layer composed of CMC-GOD-potas- 
sium ferricyanide layer was formed on each of the elec- 
trode systems, a spacer 7 and a cover 9 were adhered 
thereto. Herein, the spacer has two holes which inde- 

15 pendently form spaces 81 and 82 and, discharge ports 
11 and 12 corresponding to the holes and introducing 
port 1 0 used in common are provided in the cover. 
[0049] With respect to the glucose sensor having the 
construction described above, as shown in Fig. 3, an av- 

50 erage was taken from response values of two pairs of 
the electrode systems to the glucose standard solution 
and made a measurement value for one sensor. When 
30 sensors having the same specification were tested, 
the variation coefficient was as good as 2.2%. 

55 [0050] As such, in the sensor shown in Fig. 1 3, meas- 
urement can be made with higher accuracy. In addition, 
since the sensor possesses the independent spaces, dif- 
ferent sample solutions can be measured with one sen- 
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sor or the sensor can be provided for measurement under 
different conditions in time, temperature, etc. 
[0051 ] In the example described above, one hole was 
provided in the cover to make it a common introducing 
port but the present invention is not limited to this em- 
bodiment. It is important to construct the measurement 
system comprising a plural pairs of the electrode systems 
and a plurality of independent spaces. Therefore, two 
holes may also be provided and introducing ports to the 
respective spaces may be constructed. 

Example 5 (not according to the invention) 

[0052] Using the electrode part, spacer and cover hav- 
ing constructions shown in Fig. 1 3, a glucose sensor de- 
scribed below was constructed. Firstly, a reaction layer 
composed of CMC-GOD was formed on an electrode for 
measurement 41 in a manner similar to Example 1 . On 
the other hand, CMC layer alone was formed on an elec- 
trode for measurement 42. 

[0053] With respect to the glucose sensor having two 
pairs of the electrode systems obtained as described 
above, a glucose standard solution (200 mg/d€) contain- 
ing ascorbic acid having various concentrations was 
dropped onto introducing port 1 0 and introduced onto 
each of the electrode systems. Next, as in Example 1 , a 
voltage of 1 V was applied about 1 minute after the drop- 
ping and a current level was measured 5 seconds after. 
The results are shown in Fig. 1 4. The output of the elec- 
trode system of CMC-GOD layer is shown by A and the 
output (blank output) of the electrode system of CMC 
layer alone is shown by B. As is evident from the drawing, 
the output of A increases as the concentration of ascorbic 
acid increases and on the other hand, a similar increase 
is noted with the output of B. This indicates that the sen- 
sitivities of the respective electrode systems to ascorbic 
acid are almost equal to each other. When a difference 
in output between the both electrode systems (A - B) is 
detected therefrom, a current level based on glucose can 
be obtained. That is, by using two pairs of the electrode 
systems, an error due to substances sensitive to elec- 
trode can be greatly reduced. Such an effect was also 
noted with uric acid, etc., in addition to ascorbic acid. 
[0054] As such, by constructing the sensor by provid- 
ing two pairs of the electrode systems and forming a hy- 
drophilic high molecular substance-enzyme layer on one 
electrode system and a hydrophilic high molecular sub- 
stance layer alone on another electrode system, a sub- 
strate concentration in the sample solution containing in- 
terferants can be measured with good accuracy. 
[0055] In the above, after the CMC-GOD layer is 
formed on both electrode systems, local heating by laser 
or irradiation with ultraviolet rays, etc. may also be applied 
only to either electrode system, whereby GOD is inacti- 
vated to prepare the electrode system for blank output- 
ting. By doing so, the constructions are identical in the 
two electrode systems except for enzyme activity so that 
output currents due to interferants in the two electrode 



systems can be conformable much better with each oth- 
er, resulting in an improved accuracy in detection with 
the sensor. 

[0056] In the foregoing embodiment, the electrode sys- 
5 tern wherein the electrode portion comprises two elec- 
trodes of the electrode for measurement and the counter 
electrode has been described. By constructing the elec- 
trode system by three electrodes further involving silver/ 
silver chloride, the accuracy can further be improved. 
to One embodiment for constructing the electrode system 
comprises printing 3 silver leads onto a base plate, then 
printing a carbon paste only on the tip portions of two 
leads, coating an insulating layer, and treating the sur- 
face of the tip portion of the remaining lead in which silver 
'5 is exposed to form silver chloride into a silver/silver chlo- 
ride electrode. Thus, the electrode system could be con- 
structed in such a manner. 

Example 6 

[0057] In Example 5, a reaction layer composed of 
CMC-GOD-potassium ferricyanide layer and a layer 
composed of CMC-potassium ferricyanide were formed 
on the electrode for measurement 41 and the electrode 
25 for measurement 42, respectively, in a manner similar to 
Example 2. Measurement was performed in a manner 
similar to Example 5 except that the voltage applied was 
0.6V. Influence of ascorbic acid could be removed as 
described above. 

30 

Example 7 

[0058] In Example 5, a reaction layer composed of 
CMC-GOD-potassium ferricyanide layer was formed on 
35 the electrode for measurement 41 in a manner similar to 
Example 2. Further on the electrode for measurement 
42, the CMC layer was formed and an enzyme layer com- 
posed of glucose oxidase, mutarotase and B-glucosi- 
dase was then formed thereon and an electron acceptor 
"0 layer composed of potassium ferricyanide was further 
formed to make a reaction layer. Measurement was per- 
formed by applying a voltage of 0.6 V and using as a 
sample solution an aqueous solution containing glucose 
and sucrose. With the electrode for measurement 41 , a 
is current in response to glucose concentration was ob- 
tained and a current in response to the total concentration 
of glucose and sucrose was obtained with the electrode 
for measurement 42. From a difference between these 
current levels, the sucrose concentration could be deter- 
so mined. As such, two substrate concentrations can be 



Example 8 

55 [0059] After the electrode portion was prepared in a 
manner similar to Example 1 , 0.5% aqueous solution of 
carboxymethyl cellulose (hereafter simply referred to as 
CMC) as the hydrophilic high molecular substance was 
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spread onto the electrodes and dried to form a CMC layer. 
Next, a solution of glucose oxidase in water was spread 
thereon and dried to form a CMC-GOD layer. In this case, 
CMC and GOD formed a thin layer having a thickness of 
several microns in a partly mixed state. Furthermore, 
0.5% ethanolic solution of polyvinylpyrrolidone (hereafter 
simply referred to as PVP) was spread so as to fully cover 
the first layer composed of this CMC-GOD layer and dried 
to form a second layer composed of PVP layer. A mixture 
of microcrystalline potassium ferricyanide as the electron 
acceptor and 1 % solution of a surface active agent, lec- 
ithin, in toluene was dropped and spread onto the PVP 
layer and dried to form a third layer composed of potas- 
sium ferricyanide-lecithin layer followed by integrating 
with a spacer and a cover as in Example 1 . 
[0060] By using toluene in which PVP is sparingly sol- 
uble as a solvent in the case of forming the potassium 
ferricyanide-lecithin layer, it is possible to uniformly 
spread the potassium ferricyanide-lecithin solution onto 
the PVP layer. As the result, the uniform potassium fer- 
ricyanide-lecithin layer can be obtained. 
[0061] As such, the use of a solvent in which the hy- 
drophilic high molecular substance constructing the sec- 
ond layer as the solvent for spreading the electron ac- 
ceptor and the surface active agent could form the ex- 
tremely uniform electron acceptor layer (third layer). 
[0062] Aglucosestandardsolution was introduced into 
the glucose sensor constructed as above through the 
introducing port. One minute later a pulse voltage of +0.6 
V was applied to the electrode for measurement in the 
anode direction, and a response current was measured 
at the time of 5 seconds after the application of the pulse 
voltage. A good linear relationship was obtained up to 
the concentration as high as more than 900 mg/d€. Onto 
the glucose sensor described above, 5 n.€ of blood sam- 
ple was dropped and a response current was measured 
one minute after. A response with very good reproduci- 
bility was obtained. 

[0063] With respect to two sensors, i.e., the glucose 
sensor prepared by the process described above and 
the same glucose sensor except that the second layer 
composed of hydrophilic high molecular substance was 
not provided, preservation test was performed at 35°C 
for 30 days in a dried state. Using a glucose standard 
solution (90 mg/d€) as a sample solution, sensor re- 
sponse was compared 30 days after. The sensor in which 
the second layer composed of the hydrophilic high mo- 
lecular substance was not formed showed CV value of 
5.3 but the sensor in which the second layer composed 
of PVP showed CV value as extremely good as 2.5. 

Example 9 

[0064] The CMC-GOD layer and the PVP layer were 
prepared in a manner similar to Example 8. A mixture of 
microcrystalline potassium ferricyanide as the electron 
acceptor and 0.5% solution of a surface active agent, 
lecithin, in ethanol was dropped and spread onto the PVP 



layer and dried to form a potassium ferricyanide-lecithin 
layer. By using ethanol in which PVP is readily soluble 
as a solvent in the case of forming the potassium ferri- 
cyanide-lecithin layer, it is possible to concentratively de- 
5 velop at one point on the PVP layer. That is, it was pos- 
sible to concentrate on the electrode for measurement 
of the sensor to construct the uniform potassium ferricy- 
anide-lecithin layer so that the sensor in which a stable 
response was obtained merely by spreading the mini- 
's mum quantity required could be prepared. 

[0065] Response characteristics to the glucose stand- 
ard solution of the glucose sensor constructed as above 
were determined in a manner similar to Example 8. A 
good linear relationship was obtained up to the concen- 

is tration as high as more than 900 mg/d€. In addition, a 
response with very good reproducibility was obtained al- 
so in the case of using blood as a sample solution. Fur- 
thermore, with respect to the glucose sensor in which the 
second layer composed of hydrophilic high molecular 

20 substance was provided and the same glucose sensor 
except that the second layer composed of hydrophilic 
high molecularsubstance was not provided, preservation 
test was performed at 35°C for 30 days in a dried state 
in a manner similar to Example 8. The sensor in which 

25 the second layer composed of PVP showed extremely 
good CV value, in the response measured 30 days after. 
[0066] In the prior construction, the GOD-CMC layer 
was already in contact with the potassium ferricyanide- 
lecithin layer at the time when the sensor was prepared 

30 so that it was difficult to improve preservation efficiency. 
The hydrophilic high molecular substance layer com- 
posed of PVP which was used in Example 8 described 
above and present Example 9 takes a role to completely 
separate the GOD-CMC layer from the potassium ferri- 

35 cyanide-lecithin layer in a dried state. 

[0067] In addition, the hydrophilic high molecularsub- 
stance layer is extremely effective to ensure a stable sen- 
sor response, also in the case that substances readily 
adsorbed to the electrode or electrode-active substances 

io are present in a sample solution. Even in the case that 
a glucose concentration was determined by the glucose 
sensor described above using blood as a sample solu- 
tion, a stable sensor response was obtained irrespective 
of viscosity or the like of the sample solution. 

15 [0068] In Examples 1 through 9 described above, one 
embodiment of preferred positional relationship between 
the introducing port and the discharge port connected 
with the space is illustratively shown in the drawings. The 
discharge port may also be used as the introducing port 

so and the introducing port may be used as the discharge 
port. Furthermore, the spacers and the covers shown in 
the respective drawings are composed of independent 
materials but are not limited thereto. It is advantageous 
in mass production to form an integrated cover member 

55 with a shape of spacer by means of molding or the like. 
[0069] Further by rendering the surface of materials 
constructing the space hydrophilic, a sample solution 
was introduced more smoothly through the introducing 
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port. The effect was obtained either by using hydrophilic 
materials or by previously treating the surface materials 
constructing the space with a surface active agent to 
render them hydrophilic. 

[0070] On the other hand, an interval between the base 
plate and the cover can be controlled by varying the thick- 
ness of spacer or the size of a portion corresponding 
thereto. However, when the interval is too large, a quan- 
tity of sample solution required for filling up the space 
becomes large and it is also disadvantageous to intro- 
duce the sample solution by capillary phenomenon. 
When the interval is too small, a resistance between the 
electrodes increases or a current distribution is distorted. 
From the foregoing, the interval is preferably in a range 
of 0.05 to 1 .0 mm, more preferably 0.1 to 0.5 mm. 
[0071] In the examples, CMC was used as the hy- 
drophilic high molecular substance. As has already been 
stated, its role is to prevent influence of adsorbable sub- 
stances contained in a sample solution adsorbed to the 
electrode on response, in addition to the smooth intro- 
duction of the sample solution. Furthermore, its role also 
lies in separating the enzyme layer from the electron ac- 
ceptor layer by the hydrophilic high molecular substance 
layer thereby to further improve preservation property. 
As the hydrophilic high molecular substance, gelatin, me- 
thyl cellulose and the like can be used, in addition to 
CMC, and hydrophilic high molecular substances of 
starch, carboxymethyl cellulose, gelatin, acrylate, vinyl 
alcohol, vinylpyrrolidone and maleic anhydride are pre- 
ferred. These water-absorbing or water-soluble hy- 
drophilic high molecular substances are dissolved in a 
suitable concentration and the resulting solution is coated 
and dried to form a hydrophilic high molecular substance 
layer having a necessary layer thickness. 
[0072] In the foregoing examples, the electrode sys- 
tem in which the electrode portion is comprised of two 
electrodes of an electrode for measurement and a coun- 
ter electrode has been stated. However, by constructing 
the electrode system with three electrodes further includ- 
ing a reference electrode, the accuracy can be further 
improved. As materials for the electrode, carbon illustrat- 
ed in the examples is suitable as a stable and inexpensive 
material but the materials are not limited thereto. Other 
noble metal materials and oxidized materials may also 
be used. 

[0073] Further as the electron acceptor, though potas- 
sium ferricyanide used in the examples is excellent in 
stability and reaction rate, redox compounds such as qui- 
none compounds or ferrocene compounds, etc. can also 
be used, in addition to potassium ferricyanide. 
[0074] Furthermore, the oxidoreductase is not limited 
to glucose oxidase shown in the foregoing examples but 
various enzymes such as alcohol oxidase, cholesterol 
oxidase, etc. can be used. 

INDUSTRIAL APPLICABILITY 

[0075] The biosensor of the present invention can rap- 



idly determine a specific component in various sample 
solutions in an accurate and simple way. Therefore, its 
utilization value is extremely high in clinical inspection. 



1 . A biosensor for determining a substrate concentra- 
tion in a sample solution comprising a base plate (1) 

10 comprising an electrode system (4,5;5',41 ,42,43) 
being covered by a reaction layer (1 4), said electrode 
system (4,5;5',41 ,42,43) and said reaction layer (1 4) 
having formed thereon a space (8;81 ,82) being de- 
fined by a spacer (7,7') and a cover (9), said space 

15 (8,81 ,82) being provided with an introducing port (1 0) 
for introducing said sample solution into said space 
by capillary phenomenon and a discharge port 
(11,12,13) for discharging the gas in said space 
(8,81 ,82) by inflow of said samplesolution, said elec- 

20 trade system (4,5;5',41 ,42,43) being equipped with 
at least an electrode for measurement (4,41 ,42,43) 
and a counter electrode (5,5'), at least an enzyme 
being carried on said reaction layer (14), a change 
in concentration of a substance in the reaction be- 

25 tween said enzyme and said sample solution being 
detected with said electrode system (4,5;5\ 
41 ,42,43) to determine a substrate concentration in 
said sample solution; wherein said electrode system 
(4,5,5';41 ,42,43) comprising at least said electrode 

30 for measurement (4;41 ,42,43) and said counter elec- 
trode (5,5') is formed on said base plate (1), being 
an insulating base plate, said reaction layer (14) is 
formed on the surface of said electrode system 
(4,5,5';41 ,42,43) and said reaction layer (14) com- 

35 prising an enzyme layer composed of an oxidore- 
ductase and a hydrophilic high molecular substance 
has formed thereon an electron acceptor layer con- 
taining a surface active agent. 

40 2. A biosensor as claimed in claim 1, wherein said elec- 
trode system (5,41 ,42,43) comprises a plural set of 
electrode systems and reaction layers (14) corre- 
sponding to said plural set of electrode systems and 
a common space (8) are provided. 

45 

3. A biosensor as claimed in claim 1 , wherein said elec- 
trode system (5;5',41,42) comprises a plural set of 
electrode systems and reaction layers (14) and spac- 
es (81,82) corresponding to said plural set of elec- 

so trade systems are provided. 

4. A biosensor as claimed in claim 1 , wherein said elec- 
tron acceptor layer comprises fine particles of an 
electron acceptor having a particle size of not greater 

55 than 100 p.m. 

5. A biosensor as claimed in claim 1 , wherein said hy- 
drophilic high molecular substance is any member 
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selected from hydrophilic high molecularsubstances 
of starch, carboxymethyl cellulose, gelatin, acrylate, 
vinyl alcohol, vinylpyrrolidone and maleic anhydride 
or a mixture thereof. 

5 

6. A biosensor as claimed in claim 1 , wherein the sur- 
face of a material constructing said space is hy- 
drophilic. 

7. A biosensor as claimed in claim 1 , wherein said elec- 10 
trade system (4,5,5';41 ,42,43) is prepared from a 
material mainly composed of carbon formed on an 
insulating base (1 ) plate by means of screen printing. 

8. A biosensor as claimed in claim 1 , wherein said re- is 
action layer (14) comprises a first layer composed 

of the hydrophilic high molecular substance and the 
oxidoreductase, a second layer composed of a hy- 
drophilic high molecular substance and a third layer 
containing the electron acceptor and the surface ac- 20 
tive agent. 

9. A biosensor as claimed in claim 8, wherein said hy- 
drophilic high molecular substance in the first layer 
and the second layer is selected from hydrophilic 25 
high molecularsubstances of starch, carboxymethyl 
cellulose, gelatin, acrylate, vinyl alcohol, vinylpyrro- 
lidone and maleic anhydride or a mixture thereof. 

10. Abiosensorasclaimedinanyofclaimsl to9, where- 30 
in said spacer and said cover are formed integrally. 

1 1 . A process for preparing a biosensor which comprises 
forming an electrode system comprising at least an 
electrode for measurement and a counter electrode 35 
on an insulating base plate, coating a hydrophilic 
high molecular substance aqueous solution and an 
oxidoreductase aqueous solution on said electrode 
system and then drying to form an enzyme layer, 
spreading a mixture of an electron acceptor and an *o 
organic solvent onto said enzyme layer, removing 
said organic solvent to form an electron acceptor lay- 
er and then integrating this assembly with a cover 

for forming a space for receiving a sample by capil- 
lary phenomenon and having an introducing port and 45 
a discharge port; wherein said electrode system 
(4,5,5';41 ,42,43) comprising at least said electrode 
for measurement (4;41 ,42,43) and said counter elec- 
trode (5,5') is formed on said base plate (1), being 
an insulating base plate, said reaction layer (14) is so 
formed on the surface of said electrode system 
(4,5,5';41 ,42,43) and said reaction layer (14) com- 
prising an enzyme layer composed of an oxidore- 
ductase and a hydrophilic high molecular substance 
has formed thereon an electron acceptor layer con- 55 
taining a surface active agent. 

12. A process for preparing a biosensor according to 



claim 1 1 , wherein prior to the formation of said elec- 
tron acceptor layer a solution of a hydrophilic high 
molecular substance in an organic solvent is spread 
onto said enzyme layer to form a hydrophilic high 
molecular substance layer. 

13. A process for preparing a biosensor as claimed in 
claim 11 or 12, wherein a mixture of said electron 
acceptor, said surface active agent and said organic 
solvent is spread on said enzyme layer and said or- 
ganic solvent is removed to form said electron ac- 
ceptor layer. 

14. A process for preparing a biosensor as claimed in 
claim 13, wherein said electron acceptor layer com- 
prises fine particles of said electron acceptor having 
a particle size of not greater than 100 |xm. 



Patentanspriiche 

1. Biosensor zum Bestimmen einer Substratkonzen- 
tration in einer Probenlosung, umfassend eine Ba- 
sisplatte (1) umfassend ein von einer Reaktions- 
schicht (1 4) uberzogenes Elektrodensystem (4,5;5\ 
41,42,43), wobei ein Raum (8;81,82) auf dem Elek- 
trodensystem (4,5;5',41 ,42,43) und der Reaktions- 
schicht (14) gebildet ist, der durch einen Abstands- 
halter (7,7') und einen Oberzug (9) definiert ist, wobei 
der Raum (8,81,82) mit einer Einlassoffnung (10) 
zum Einfuhren der Probenlosung in den Raum durch 
ein Kapillarphanomen und mit einer Auslassoffnung 
(11,12,13) zum Ablassen des Gases in den Raum 
(8;81 ,82) durch EinflieBenlassen der Probenlosung 
versehen ist, das Elektrodensystem (4,5;5\ 
41 ,42,43) mit mindestens einer Elektrode zur Mes- 
sung (4,41,42,43) und einer Gegenelektrode (5,5') 
ausgestattet ist, wobei sich mindestens ein Enzym 
auf der Reaktionsschicht (14) befindet, wobei eine 
Anderung in der Konzentration einer Substanz in der 
Reaktion zwischen dem Enzym und der Probenlo- 
sung mit dem Elektrodensystem (4,5;5',41 ,42,43) 
zur Bestimmung einer Substratkonzentration in der 
Probenlosung erfasst wird; wobei das Elektrodensy- 
stem (4,5,5';41 ,42,43), das mindestens die Elektro- 
de zur Messung (4;41 ,42,43) und die Gegenelektro- 
de (5,5') umfasst, auf der Basisplatte (1), die eine 
isolierende Basisplatte ist, gebildet ist, die Reakti- 
onsschicht (14) auf der Oberflache des Elektroden- 
systems (4,5,5';41 ,42,43) gebildet ist und die Reak- 
tionsschicht (1 4), die eine aus einer Oxidoreduktase 
und einer hydrophilen hochmolekularen Substanz 
zusammengesetzte Enzymschicht umfasst, eine 
darauf gebildete Elektronenakzeptorschicht, die ein 
oberflachenaktives Mittel enthalt, aufweist. 

Biosensor nach Anspruch 1 , worin das Elektroden- 
system (5,41 ,42,43) einen Mehrfachsatz von Elek- 
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trodensystemen umfasst und dem Mehrfachsatz von 
Elektrodensystemen entsprechende Reaktions- 
schichten (14) und ein gemeinsamer Raum (8) vor- 
gesehen ist. 

5 

3. Biosensor nach Anspruch 1 , worin das Elektroden- 
system (5;5',41 ,42) einen Mehrfachsatz von Elektro- 
densystemen umfasst und dem Mehrfachsatz von 
Elektrodensystemen entsprechende Reaktions- 
schichten (1 4) und Raume (81 ,82) vorgesehen sind. 10 

4. Biosensor nach Anspruch 1 , worin die Elektronen- 
akzeptorschicht feine Teilchen eines Elektronenak- 
zeptors mit einer TeilchengroBe von nicht groBer als 

1 00 ^m umfasst. is 

5. Biosensor nach Anspruch 1 , worin die hydrophile 
hochmolekulare Substanz ein Vertreter, ausgewahlt 
aus hydrophilen hochmolekularen Substanzen von 
Starke, Carboxymethylcellulose, Gelatine, Acrylat, 20 
Vinylalkohol, Vinylpyrrolidon und Maleinsaureanhy- 
drid Oder einer Mischung davon, ist. 

6. Biosensor nach Anspruch 1 , worin die Oberflache 
eines den Raum aufbauenden Materials hydrophil 25 
ist. 

7. Biosensor nach Anspruch 1 , worin das Elektroden- 
system (4,5,5';41 ,42,43) aus einem Material, das 
hauptsachlich aus Kohlenstoff zusammengesetzt 30 
ist, gebildet, welches auf einer isolierenden Basis- 
platte (1) durch Siebdruck hergestellt ist. 



platte, Uberziehen des Elektrodensystems mit einer 
wassrigen Losung einer hydrophilen hochmolekula- 
ren Substanz und einer wassrigen Losung einer 
Oxidoreduktase und dann Trocknen zur Bildung ei- 
ner Enzymschicht, Verteilen einer Mischung eines 
Elektronenakzeptors und eines organischen L6- 
sungsmittels auf der Enzymschicht, Entfernen des 
organischen Losungsmittels zur Bildung einer Elek- 
tronenakzeptorschicht, und dann Integrieren dieser 
Einheit mit einem Uberzug zur Bildung eines Raums 
zur Aufnahme einer Probe durch ein Kapillarphano- 
men und urn eine Einlassoffnung und eine Auslass- 
offnung zu haben; wobei das Elektrodensystem 
(4,5,5';41 ,42,43), das mindestens die Elektrode zur 
Messung (4;41 ,42,43) und die Gegenelektrode (5,5') 
umfasst, auf der Basisplatte (1), die eine isolierende 
Basisplatte ist, gebildet ist, die Reaktionsschicht (1 4) 
auf der Oberflache des Elektrodensystems (4,5,5'; 
41 ,42,43) gebildet ist und die Reaktionsschicht (14), 
die eine aus einer Oxidoreduktase und einer hydro- 
philen hochmolekularen Substanz zusammenge- 
setzte Enzymschicht umfasst, eine darauf gebildete 
Elektronenakzeptorschicht, die ein oberflachenakti- 
ves Mittel enthalt, aufweist. 

12. Verfahren zur Herstellung eines Biosensors nach 
Anspruch 1 1 , worin vor der Bildung der Elektronen- 
akzeptorschicht eine Losung einer hydrophilen 
hochmolekularen Substanz in einem organischen 
Losungsmittel auf der Enzymschicht verteiltwird, urn 
eine Schicht einer hydrophilen hochmolekularen 
Substanz zu bilden. 



8. Biosensor nach Anspruch 1 , worin die Reaktions- 
schicht (14) eine erste Schicht, zusammengesetzt 35 
aus der hydrophilen hochmolekularen Substanz und 
der Oxidoreduktase, eine zweite Schicht, zusam- 
mengesetzt aus einer hydrophilen hochmolekularen 
Substanz, und eine dritte Schicht, enthaltend den 
Elektronenakzeptor und das oberflachenaktive Mit- *o 
tel, umfasst. 

9. Biosensor nach Anspruch 8, worin die hydrophile 
hochmolekulare Substanz in der ersten Schicht und 
der zweiten Schicht ausgewahlt ist aus hydrophilen *5 
hochmolekularen Substanzen von Starke, Carboxy- 
methylcellulose, Gelatine, Acrylat, Vinylalkohol, 
Vinylpyrrolidon und Maleinsaureanhydrid oder einer 
Mischung davon. 

50 

10. Biosensor nach einem der Anspriiche 1 bis 9, worin 
der Abstandshalter und der Uberzug integral ausge- 
bildet sind. 

11. Verfahren zur Herstellung eines Biosensors, umfas- ss 
send das Bilden eines Elektrodensystems, umfas- 
send mindestens eine Elektrode zur Messung und 
eine Gegenelektrode, auf einer isolierenden Basis- 



13. Verfahren zur Herstellung eines Biosensors nach 
Anspruch 1 1 oder 1 2, worin eine Mischung des Elek- 
tronenakzeptors, des oberflachenaktiven Mittels 
und des organischen Losungsmittels auf der Enzym- 
schicht verteilt wird und das organische Losungsmit- 
tel entfernt wird, urn die Elektronenakzeptorschicht 
zu bilden. 

14. Verfahren zur Herstellung eines Biosensors nach 
Anspruch 1 3, worin die Elektronenakzeptorschicht 
feine Teilchen des Elektronenakzeptors mit einer 
TeilchengroBe von nicht mehr als 100 umfasst. 



Revendications 

1. Biocapteur pour determiner la concentration d'une 
matiere en 6tude dans une solution echantillon, com- 
prenant une plaque de base (1 ) qui porte un systeme 
d'Slectrodes (4, 5 ;5',41 ,42,43) recouvert d'une cou- 
che de reaction (14),un espace (8 ;81 ,82), defini par 
un element d'ecartement (7,7') et par un couvercle 
(9), etant forme sur ledit systeme d'electrodes (4,5 ; 
5',41 ,42,43) et ladite couche de reaction (14), ledit 
espace (8 ,81 ,82) etant muni d'un orifice d'entn§e 
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(1 0) pour introduction de ladite solution echantillon 
dans ledit espace par phenomene de capillarity et 
d'un orifice de sortie (1 1 ,12,13) pour I'evacuation du 
gazchasse, dans ledit espace (8 ;81 ,82), par I'entree 
de ladite solution echantillon, ledit systeme d'elec- 
trodes (4,5 ;5',41 ,42,43) comprenant au moins une 
electrode de mesure (4, 41,42,43) et une contre- 
electrode (5,5'), la couche de reaction (14) portant 
au moins une enzyme, un changement de concen- 
tration d'une substance dans la reaction entre ladite 
enzyme et ladite solution echantillon etant detecte 
avec ledit systeme d'electrodes (4,5 ;5',41 ,42,43) 
pour determiner la concentration d'une matiere en 
etude dans ladite solution echantillon, dans lequel 
ledit systeme d'electrodes (4,5,5' ;41 ,42,43) com- 
prenant au moins une electrode de mesure (4 ; 
41 ,42,43) et une contre-electrode (5,5'), est forme 
sur une plaque de base isolante (1), ladite couche 
de reaction (14) est formee sur la surface dudit sys- 
teme d'electrodes (4,5 ,5';41 ,42,43) et ladite couche 
de reaction (14) comprend une couche d'enzymes 
composee d'une oxydoreductase et d'une substan- 
ce hydrophile de poids moleculaire eleve, sur laquel- 
le est formee une couche d'accepteur d'electrons 
contenant un agent tensioactif. 

2. Biocapteur selon la revendication 1 , dans lequel ledit 
systeme d'electrodes (5,41,42,43) comprend une 
serie multiple de systemes d'electrodes et en ce qu'il 
est prevu des couches de reaction (14) correspon- 
dant a ladite serie multiple de systemes d'electrodes 
et un espace (8) commun. 

3. Biocapteur selon la revendication 1 , dans lequel ledit 
systeme d'electrodes (5 ;5',41 ,42) comprend une 
serie multiple de systemes d'electrodes et en ce qu'il 
est prevu des couches de reaction (14) et des espa- 
ces (81 ,82) correspondant a ladite serie multiple de 
systemes d'electrodes. 

4. Biocapteur selon la revendication 1 , dans lequel la- 
dite couche d'accepteur d'electrons comprend de fi- 
nes particules d'un accepteur d'electrons ayant une 
grosseur de particules qui ne depasse pas 1 00 p.m. 

5. Biocapteur selon la revendication 1 , dans lequel la- 
dite substance hydrophile de poids moleculaire ele- 
ve est choisie parmi des substances hydrophiles de 
poids moleculaire eleve d'amidon, de carboxyme- 
thycellulose, de gelatine, d'acrylate, d'alcool vinyli- 
que, de vinylpyrrolidone et d'anhydride malSique ou 
d'un melange de ceux-ci. 

6. Biocapteur selon la revendication 1 , dans lequel la 
surface de la matiere definissant ledit espace est 
hydrophile. 

7. Biocapteur selon la revendication 1 , dans lequel ledit 



systeme d'electrodes (4,5 ,5' ;41 ,42,43) est prepare 
a partir d'une matiere composee principalement de 
carbone, appliquSe sur une plaque de base isolante 
(1) par serigraphie. 

8. Biocapteur selon la revendication 1 , dans lequel la- 
dite couche de reaction (14) comprend la premiere 
couche composee de la substance hydrophile de 
poids moleculaire eleve et de I'oxydoreductase, une 
deuxieme couche composee d'une substance hy- 
drophile de poids moleculaire Sieve et une troisieme 
couche contenant I'accepteur d'electrons et I'agent 
tensioactif. 

9. Biocapteur selon la revendication 8, dans lequel la- 
dite substance hydrophile de poids moleculaire ele- 
ve dans la premiere couche et dans la deuxieme 
couche est choisie parmi des substances hydrophi- 
les de poids moleculaire eleve d'amidon, de carboxy- 
methycellulose, de gelatine, d'acrylate, d'alcool vi- 
nylique, de vinylpyrrolidone et d'anhydride maleique 
ou d'un melange de ceux-ci. 

10. Biocapteur selon I'une quelconque des revendica- 
tions 1 a 9, dans lequel ledit element d'ecartement 
et ledit couvercle sont formes d'une seule piece. 

1 1 . Procede de preparation d'un biocapteur comprenant 
les etapes consistant a former un systeme d'electro- 
des comprenant au moins une Electrode de mesure 
et une contre-electrode sur une plaque de base iso- 
lante, a revetir ledit systeme d'electrodes d'une so- 
lution aqueuse de substance hydrophile de poids 
moleculaire eleve et d'une solution aqueuse d'oxy- 
doreductase, puis a les s§cher pour former une cou- 
che d'enzyme, a etaler un melange d'un accepteur 
d'electrons et d'un solvant organique sur ladite cou- 
che d'enzyme, a eliminer ledit solvant organique 
pour former une couche d'accepteur d'electrons, 
puis a integrer cet ensemble avec un couvercle, de 
maniere a former un espace destine a recevoir un 
echantillon par phenomene de capillarite et compor- 
tant un orifice d'introduction et un orifice d'evacua- 
tion; dans lequel ledit systeme d'electrodes (4,5,5' ; 
41 ,42,43) comprenant au moins ladite electrode de 
mesure (4 ;41 ,42,43) et ladite contre-electrode (5,5') 
est formed sur une plaque de base (1) qui est une 
plaque de base isolante, ladite couche de reaction 
(1 4) etantformSesur lasurface dudit systeme d'elec- 
trodes (4,5,5' ;41 ,42,43) et ladite couche de reaction 
(14) comprenant une couche d'enzyme composee 
d'une oxydoreductase et d'une substance hydrophi- 
le de poids moleculaire Sieve, possede, formee des- 
sus, une couche d'accepteur d'electrons contenant 
un agent tensioactif. 

12. ProcedS de preparation d'un biocapteur selon la re- 
vendication 1 1 , dans lequel, avant la formation de 
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ladite couche d'accepteur d'electrons, une solution 
d'une substance hydrophile de poids moleculaire 
eleve dans un solvant organique est etalee sur ladite 
couche d'enzyme pour former une couche de subs- 
tance hydrophile de poids moleculaire eleve. s 

13. Procede de preparation d'un biocapteur selon la re- 
vendication 11 ou 12, dans lequel un melange dudit 
accepteurd'electrons, dudit agenttensioactifetdudit 
solvant organique est etale sur ladite couche d'en- 10 
zyme, et ledit solvant organique est elimine pour for- 
mer ladite couche d'accepteur d'electrons. 

1 4. Procede de preparation d'un biocapteur selon la re- 
vendication 13, dans lequel ladite couche d'accep- '5 
teur d'electrons comprend de fines particules dudit 
accepteur d'electrons ayant une grosseur de parti- 
cules qui ne depasse pas 100p,m. 
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FIG. 2 
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FIG. 3 
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FIG. 5 
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FIG. 10 
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FIG. II 
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FIG. 12 
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